Background It is unclear whether adult offenders with a history of attention deficit hyperactivity disorder (ADHD) are more likely to re-offend, and if so, in any specific offences.
Introduction
Attention deficit hyperactivity disorder (ADHD) starts before the age of 12 years and is characterised by symptoms of inattention, excessive physical activity and impulsivity (American Psychiatric Association, 2013) as well as executive dysfunction (Velez-Pastrana et al., 2015) . The estimated prevalence of ADHD among adults in the USA is 4.4% (Kessler et al., 2006) ; worldwide, the estimated prevalence according to meta-analysis is 2.5% (Simon et al., 2009) . ADHD has been associated with higher than average rates of criminal behaviour in several studies (Babinski et al., 1999; Barkley et al., 2004; Mannuzza et al., 2008; Satterfield et al., 2007) . Adult criminal involvement may be the result of a developmental progression from childhood behavioural problems through adolescent delinquency to later offending (Babinski et al., 1999) .
Attention deficit hyperactivity disorder has also been identified as a risk factor for crime and delinquency later in life (Pratt et al., 2002) . Significantly more hyperactive participants engage in various forms of antisocial activities by young adulthood than their control counterparts in follow-up studies (Barkley et al., 2004; Satterfield et al., 2007) . Barkley et al. (2004) , for example, reported that 40% of their hyperactive participants had been arrested at least twice, compared with 12% of their non-hyperactive group. In a 30-year longitudinal study, participants with ADHD had a greater number of arrests for any offence (44%), any felony (38.5%) and multiple felonies (26%) than controls (15%, 13% and 8%, respectively; Satterfield et al., 2007) . A significantly greater number of convictions and incarcerations were also reported in the hyperactive group. Given the nature of ADHD symptoms, offending related to it is most likely to be impulsive and reactive to satisfy an immediate need (Young, 2007) . In addition, by nature of their cognitive impairments, people with ADHD seem more easily apprehended for their antisocial activities (Young and Thome, 2011) .
International studies, variously from North America (Eyestone and Howell, 1994) , Sweden (Ginsberg et al., 2010) and Germany , have consistently reported a higher prevalence of childhood ADHD and ADHD symptoms among adult prisoners. A systematic review and meta-analysis confirmed that prevalence may be as high as 25.5 per hundred (Young et al., 2015a) . Various studies have also found that participants with childhood disturbance of attention and activity were convicted at an earlier age than those without these symptoms (Dalteg et al., 1999; Rosler et al., 2004) . Earlier arrests linked with positive ADHD screening have also been associated with increased likelihood of re-offending .
Another moderating factor is the extent of substance use disorders (SUD), which have also been consistently linked with ADHD across several studies (Clure et al., 1999; Ginsberg et al., 2010; Gonzalez et al., 2015) . Mannuzza et al. (2008) reported that SUD remain a significant predictor of criminality after allowing for the confounding effects of antisocial personality disorder. In another study, adolescent drug use was the main contributor to drug-related crime by young adulthood (Barkley et al., 2004) . In the UK, opiate dependence among prisoners with ADHD was a significant predictor of acquisitive offending .
In the study we report here, we conducted a secondary analysis of a representative sample of the Puerto Rican sentenced prisoners. We examined the correlates of childhood ADHD symptoms and signs with early criminal offending, re-incarceration rates and types of offending. The age of criminal responsibility in Puerto Rico is 18 years. We hypothesised that (1) retrospectively recognised childhood ADHD symptoms and signs would be associated with proportionately more incarcerations and earlier onset of criminal activity; (2) prisoners with ADHD would have committed proportionately more specific violent and nonviolent crimes; (3) the ADHD group would have a higher number of violent and non-violent crimes overall than the non-ADHD group; and (4) SUD would be more likely to account for some offending outcomes in the ADHD group.
Methods
The study was reviewed and approved by the University of Puerto Rico Medical Sciences Campus Institutional Review Board.
Participants and procedures
We used data from a 2004 cross-sectional survey of sentenced inmates in the state prisons of Puerto Rico, designed to assess drug treatment needs and inform prevention strategies for blood-borne pathogens (Albizu-Garcia et al., 2012; Pena-Orellana et al., 2011) . The study sample consisted of 1331 randomly selected sentenced inmates from 26 of the 39 institutions in the Puerto Rican prison system, representing 13% of the total sentenced inmate population. Details of the sampling procedures have been described elsewhere (Albizu-Garcia et al., 2012) . In brief, after orientation, inmates who provided oral consent to participate were interviewed, and their data anonymised. A total of 1179 inmates participated, representing an 89% response rate. Two computerised interview modalities were used for data gathering: computer-assisted personal interview and audio computer-assisted self-interview. The latter has been shown to increase disclosure of risk behaviours among injecting drug users (Des Jarlais et al., 1999; Perlis et al., 2004) and in individuals seropositive for human immunodeficiency virus (Macalino et al., 2002; Simoes et al., 2006) . Trained interviewers conducted the computerised personal interview and were available to answer questions during the self-administered procedure.
Measures
Offending history and re-offending Sociodemographic covariates included in the study were gender, age, education level and history of placement in foster care and/or local authority. Offending history included early-onset criminal activity (coded as first arrest before age 15), number of previous incarcerations, which for our purposes here we defined as recidivism, and number of types of violent and non-violent offences. Violent crimes included armed robbery, aggression, rape, attempted murder, threatening with a weapon, arson and murder; non-violent crimes included burglary, theft, drug possession, drug trafficking, possession of an illegal firearm, prostitution, vandalism and fraud. Criminal history was entirely from self-report.
Attention deficit hyperactivity disorder symptoms
The Spanish-language version of the Wender Utah Rating Scale (WURS) (González and Vélez Pastrana, 2007) was completed by all participants. This is a self-rating instrument for retrospective assessment of features of ADHD (Ward et al., 1993) . These are rated on a 5-point Likert scale, ranging from 0 ('not at all or very slightly') to 4 ('very much'). The WURS authors originally suggested 36 and 46 cut-off scores, the latter associated with greater specificity. Considering the high indices of psychopathology and co-morbidity among inmate populations, we used the stricter cut-off score of 46, as recommended by Gudjonsson et al. (2009) and Ward et al. (1993) . The instrument's psychometric properties have been extensively documented, including construct and discriminant validity and internal and test-re-test reliability (>0.92) (González and Vélez Pastrana, 2007; McCann et al., 2000) .
Analytical strategy
Weighted percentages were reported on all categorical variables. Associations between groups based on the binary WURS classification were established using logistic regression with odds ratios (OR) as the measure of their effect size. To examine associations with the number of previous incarcerations and the number of violent and non-violent crimes, we used ordinal logistic regression. The latter was preferred in favour of models for count data because these variables were re-coded in an ordered categorical format (e.g. 0 'never', 1 'sometimes' and 2 'often'). Multiple categorical predictor covariates (e.g. education level) were assigned a reference category against which other categories were contrasted.
We examined interaction effects of gender on the associations between features of ADHD and the number of violent and non-violent offences.
All statistical analyses are presented both unadjusted and adjusted by including covariates in each model simultaneously. Adjustments for previous and repeated offences included age, gender, education level and age of first arrest. For modelling the number of classes of criminal offences, we adjusted for age, gender, education level and lifetime substance abuse/dependence, where age of first arrest was used as a proxy measure of likelihood of early conduct problems. All analyses were weighted to account for the characteristics of sampling and the target population. Details of the procedures used in weighting have previously been described (Pena-Orellana et al., 2011) . All analyses were performed using STATA 13 (StataCorp, 2013). Note: All weighted percentages and estimates. ADHD = attention deficit hyperactivity disorder; OR = odds ratio; CI = confidence interval; DR = Dominican Republic; EU = European Union; WURS = Wender Utah Rating Scale.
Results

Demographic characteristics
Two hundred and sixty-seven (21%) prisoners screened positive for features of ADHD in childhood. About one-third of the women screened positive, but just one-fifth of the men (Table 1 ). The oldest age group (≥35) had the lowest proportion of inmates who screened positive for childhood ADHD symptoms. Lower education levels were associated with higher rates of ADHD, using high school as the reference category. The group that had completed only up to 6 years of schooling was three times as likely to reach the 46-point cut-off on the WURS. More than half (53%) of inmates who reported having been under the care of the state or placed in foster care also screened positive for ADHD in childhood, with more than a fourfold increase in the odds (p < 0.001). Table 2 shows that childhood ADHD symptoms are significantly associated with first arrest before age 15, after adjusting for age, gender and education (p < 0.05). ADHD symptoms in childhood were associated with a twofold increase in the likelihood of an inmate being a repeat offender (p < 0.001). An ordinal logistic regression model, adjusted for sociodemographic characteristics and age of first arrest, shows a linear association between childhood ADHD features and the number of previous incarcerations (p < 0.001). Figure 1 provides a graphical representation of this, showing that the proportion of inmates who screened positive for childhood ADHD increases for each category of the number of previous incarcerations (F = 6.35, p < 0.001). On repeating the bivariate analysis only with inmates who did not have SUD, we found that the relationships between ADHD and previous incarcerations were not significant (F = 2.06, p = 0.08).
Associations with incarceration history
Childhood attention deficit hyperactivity disorder symptoms and violent and non-violent offending
Baseline models for associations between ADHD and individual categories of self-reported violent and non-violent offences were adjusted for demographic characteristics and for age of first arrest before age 15. Those who reported features of ADHD were also more likely to have been convicted of rape or attempted murder, after adjustments (Table 3) . Childhood ADHD symptoms were also associated with total number of violent offences (OR 1.46 [1.05, Table 4 ). An effect modification test by gender showed significantly higher odds of violent offences among women screening positive for ADHD (OR 1.88 [1.15, 3 .05] p < 0.05).
Adjusted models for non-violent offending show that features of ADHD were significantly associated with burglary, theft and vandalism, but so were SUD (OR 3.77 [2.55, 5 .56] p < 0.001). Again, after introducing these into the statistical models, ADHD was no longer related. 
Discussion
Our first hypothesis that retrospectively self-reported features of ADHD would be associated with a higher number of incarcerations and early onset of criminal activity among prison inmates was sustained. Features of ADHD were also associated with history of any repeated incarcerations, total number of offending and conviction categories, indicating versatility in offending patterns. The latter were, however, mainly explained by co-morbid substance misuse in adjusted models. Our second hypothesis was only partly confirmed in that only female inmates appeared to be more likely to report both violent offending and features of ADHD. There is currently a wealth of evidence that ADHD is a risk factor for SUD and that, perhaps together with conduct disorder, this may form part of a pathway to delinquency. Gittelman and colleagues reported on the arrest rates of 103 hyperactive people at several time points (Mannuzza et al., 1991 (Mannuzza et al., , 1993 (Mannuzza et al., , 1998 (Mannuzza et al., , 2008 . At their 26-32 years of follow-up, adults with a history of hyperactivity were more likely to have been arrested (47% vs 24%) and convicted (42% vs 14%) than those without. More recently, Klein et al. (2012) reported a 65% arrest rate from two cohort studies over an average follow-up of 33 years; one-third (36%) of those originally diagnosed as hyperactive were incarcerated compared with just 12% of those not so diagnosed. In this cohort, those with hyperactivity consistently preceded SUD at 16 (Mannuzza et al., 1993) , 17 (Mannuzza et al., 1998) and 33 (Klein et al., 2012) years of follow-up, confirming that early ADHD symptoms and their persistence are a risk factor for SUD. We found that a linear increase in prevalence of violent offending related to ADHD symptoms was higher among women than among men. According to the 'group resistance hypothesis' (Sellin, 1938) , women are thought less likely to engage in violence, following socially constructed gender roles. Men would therefore be expected to perpetrate more violence in this population sample. The symptom-by-gender interaction shows that ADHD may upset this expected relationship, putting women at disproportionate risk of becoming violent.
Inmates with early features of ADHD were almost twice as likely to have early onset of criminal activity compared with those without ADHD. This finding is consistent with other studies (Dalteg et al., 1999; Retz et al., 2004) . It was also corroborated by our analyses demonstrating that, as the number of previous incarcerations increased, the proportion of inmates with ADHD symptoms also increased. It seems logical to think that this may be a result of rushing to action without much thought; it may not be the ADHD per se that underpins this problem. The relationship was not significant without a co-morbid SUD, an indication that involvement in these types of crimes may be influenced by substance-seeking behaviour among those with ADHD. In particular, violent and non-violent offending appears to be better accounted for by co-morbidity with SUD, as has been reported elsewhere (Ginsberg et al., 2010; .
For specific types of offending that did not necessarily lead to incarceration, associations were limited to arrests for attempted murder and rape; these associations were not present when analyses were based on actual convictions. These categories of violent offending may be more reactive-impulsive acts than premeditated or instrumental. Retz and Rosler (2009) have argued in favour of a particular association between reactive types of violence and ADHD. Because we lack details on the specific context of these offences in our sample, however, we could not classify them in this way, so these findings should be interpreted with caution. No other specific categories of offending were associated with ADHD after adjusting for early-onset criminality, whilst some were better explained by SUD, which seemed to account better for the linear increase observed between ADHD symptoms and the number of previous incarcerations. A potential pathway to offending for these people is likely to be through substance misuse. Once they become intertwined in the criminal justice system, they also become more vulnerable to the emergence of further co-morbidity Young et al., 2015b) , perhaps developing ever more serious forms of SUD, and unless the cycle is interrupted, offending is likely to persist.
After having been imprisoned for any length of time, offenders with psychiatric disorders including personality disorders or SUD may become dependent upon a highly structured lifestyle. Being suddenly released to the community may pose overwhelming stress, decreasing the likelihood of their success in the community and increasing the probability of their return to either the criminal justice or mental health services (Roesch et al., 1995) . Aftercare programmes may provide the most suitable environment for offenders generally at high risk of recidivism and are probably more effective in predominantly violent samples (James et al., 2013) . Individualised interventions appear to be the most effective in decreasing recidivism (James et al., 2013) ; therefore, it is very important to screen for ADHD as well as other conditions and to provide specific treatment for it.
Limitations
The data for our study came from prisoners and were based entirely on selfreport. Because official criminal records or collateral reports were not available, the information on criminal history could not be corroborated, and recall biases could have been present. In addition, the instrument used (WURS) evaluates the presence of childhood symptoms when those being asked to complete it are adult, a process that could be very vulnerable to this type of bias. Another limitation of the WURS is the fact that it is not strictly based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, criteria. Research in this context has shown limitations of using screening tools that are not based on diagnostic criteria . Co-morbidity between ADHD and conduct disorder is high, and in the prison context, any associations with offending may have been better explained by this co-morbidity. Future studies of this type should measure both conditions and attempt differentiation of their effects.
The cross-sectional design of the study does not allow any conclusions on causal associations between ADHD and offending outcomes, nor the actual mediating effects of early arrest and/or substance misuse on these associations.
Despite the limitations discussed, our study has several advantages. It was conducted with a random sample of sentenced prisoners in the Puerto Rican Correctional System, who were also representative of them. Furthermore, we used interview techniques that encourage truthful responses (Pena-Orellana et al., 2011) , such as computer-assisted interviews. This mitigated the effects that the unavailability of official offence records and collateral reports can have on the truthfulness of the data.
Conclusions
Our findings do not support a direct association between ADHD and specific types of offending. ADHD was more associated with early onset of offending, and the suggestion from this cross-sectional study is that the link might be better explained by co-morbid conditions such as SUD. Research that allows estimation of indirect paths is essential to elucidate this relationship. Further research on ADHD and its co-morbidities is needed, given its high prevalence among prisoners. Clarification of these relationships has important implications for prevention and treatment.
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